Abstract. MicroRNA (miR)-125a-3p is derived from the 3'-end of pre-miR-125a, which is associated with several types of cancer, such as gastric and prostate cancer, and glioma. The aim of the present study was to identify the prognostic significance of miR-125a-3p expression levels in patients with NSCLC. The gene expression omnibus database was used to analyze miR-125a-3p expression in NSCLC in silico, and 148 NSCLC samples and 30 adjacent normal lung tissue specimens were analyzed for the expression of miR-125a-3p by qPCR. The results showed that the expression levels of miR-125a-3p in the adjacent normal tissues was higher than the expression level in the NSCLC tissues. There were several clinical parameters demonstrated to be associated with miR-125a-3p expression, such as lymph node metastasis, tumor node metastasis classification of malignant tumor stage and tumor diameter. Furthermore, high expression levels of miR-125a-3p with chemotherapy prolonged the overall survival rate and disease free survival rate compared with untreated patients with low expression of miR-125a-3p. Thus, miR-125a-3p is a significant prognostic biomarker for patients with NSCLC, from which a novel therapeutic strategy to combat NSCLC may be derived.
Introduction
Lung cancer is associated with one of the highest mortality rates of all malignant tumors worldwide, resulting in >1 million mortalities annually (1, 2) . Non-small cell lung cancer (NSCLC) is the primary type of lung carcinoma, accounting for 80-85% of the total number of incidences of lung cancer (3, 4) . Despite the emergence of novel drugs and therapies, the prognosis of lung cancer remains poor, and the 5-year overall survival (OS) rate is ~11% (5, 6) . Therefore, additional analysis of the mechanisms resulting in the occurrence and the development of NSCLC is required to improve the survival rate of lung cancer.
MicroRNAs (miRNAs) are a class of small single stranded non-coding RNAs measuring between 20 and 24 nucleotides (7) , which are associated with post-transcriptional gene regulation (8) . miRNAs participate in the regulation of cellular proliferation, differentiation and apoptosis by inducing target mRNA degradation or translation inhibition, which affects cancer occurrence and development. Aberrant miRNA expression is associated with the development of different types of cancer. Recent reports (9) (10) (11) have suggested that the downregulation of miRNA (miR)-138, miR-218, miR-34c-3p was found in various types of cancer, including NSCLC. Therefore, miRNAs serve an important role in the diagnosis, prediction and treatment of NSCLC and represent novel research targets in the field of molecular biology, which is becoming a prominent discipline within the life sciences.
miR-125a-3p is a member of the miR-125a family, and in the present study has been demonstrated to exert a tumor suppressive effect on several types of tumor, such as glioma (12) and gastric cancer (13) . However, there are few studies that demonstrate the link between miR-125a-3p and lung cancer specifically (14) . Therefore, the use of miR-125a-3p as a prognostic biomarker for the treatment of NSCLC remains unknown.
The present study explored the differential expression of miR-125a-3p within the gene expression omnibus (GEO) database, and investigated the expression levels of miR-125a-3p in NSCLC tissues using a quantitative polymerase chain reaction (qPCR) assay. Additionally, the present study analyzed the association between miR-125a-3p and patient clinicopathological characteristics.
Materials and methods
Ethical statement. The present study was approved by the Ethics Committee of Shanghai 10th People's Hospital, Tongji University School of Medicine (SHSY-IEC-PAP-15-18; Shanghai, China). All patients provided written informed consent.
Set-up of server for online survival calculation. A total of 4 datasets were used for the miR-125a-3p expression analysis between normal lung and cancer tissues: The expression levels of miR-125a-3p in a number of cells, reported previously, (15) were analyzed; 20 pairs of lung cancer samples and adjacent normal lung samples were compared with GEO datasets, GEO series GSE18692, and 61 lung squamous carcinoma tissues and 10 normal tissues were investigated, GEO series GSE16025. The peripheral miRNA blood profiles from healthy subjects (n=19), lung cancer patients (n=28), and chronic obstructive pulmonary disease (COPD) samples (n=24) had been screened for the complete miRNA repertoire; GEO series GSE24709. Statistical analysis. All statistical analyses were performed with IBM SPSS 19.0 (IBM Corp., Armonk, NY, USA). The results were presented as the mean ± standard deviation, using at least 3 independent experiments. A χ 2 analysis was carried out to compare the differences between categorical variables and the Wilcoxon signed-rank test was performed to compare of differences between the 2 groups. The Kaplan-Meier method was used to evaluate the univariate probabilities of OS and DFS, and the comparison of the survival curves was assessed using a log rank test. A Cox regression model was used to estimate the univariate and the multivariate hazard ratios. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of miR-125a-3p using in silico analysis.
Throughcomparing the expression levels of miR-125a-3p indifferent cancer cell lines analyzed in a previous study (15) , the present study demonstrated that miR-125a-3p expression levels werelower in the lung cancer A549 cells compared withthe other cancer cell lines, as demonstrated in Fig. 1A . In 20 pairs of lung cancer and adjacent normal lung samples, the expression values in the non-tumoral adjacent (n=20) and in the lung cancer tissues (n=20) were 5.02±0.49 and 3.21±0.58, respectively compared with the control. This data suggested that the expression of miR-125a wasdownregulated in lung cancer samples (P=0.038), as illustrated in Fig. 1B . Additionally, the lung squamous carcinoma tissues (n=61) and normal tissues (n=10) were investigated, and these data indicated that miR-125a-3p expression was lower in lung squamous carcinoma tissues, 8.95±0.16, in contrast with normal tissues, 10.24±0.31, as demonstrated in Fig. 1C (P<0.001) .
Furthermore, the peripheral miRNA blood profiles from healthy subjects (n=19), patients with lung cancer (n=28), and COPD samples (n=24) werescreened for the complete miRNA repertoire, and their expression values were 61.83±2.05, 32.45±5.75 and 31.06±4.53, respectively. The results revealed that miR-125a-3p was downregulated in lung cancer (P=0.027), as demonstrated in Fig. 1D .
miRNA-125a-3p expression in NSCLC and normal lung tissue. The levelof miR-125a-3p in 30 paired NSCLC samples were collected and analyzed via RT-qPCR analysis, and it was identified that miR-125a-3p expression levels were lower in lung cancer cells, 2.25±0.61, relative to the non-tumor samples, which exhibited levels of 4.01±0.88 (P=0.048) as demonstrated in Fig. 2A . Additionally, the expression levels of miR-125a-3p in the 118 lung cancer samples were examined by RT-qPCR, and are illustrated in Fig. 2B . The expression levels of miR-125a-3p in the adjacent normal tissues, 4.01±0.88, weremarkedly higher than the NSCLC tumor biopsies, 1.64±0.37. The difference in the expression levels between the normal lung tissue and the NSCLC tumor tissue was statistically significant (P=0.036).
The association between miR-125a-3p expression and clinical characteristics. Theassociation between miR-125a-3p expression levels and individual clinical characteristics was investigated. A univariate analysis demonstrated that the miR-125a-3p expression level was significantly correlated with lymph-node metastasis (P=0.004), TNM stage (P=0.031) and tumor diameter (P=0.011), as demonstrated in Table I in all 148 patients with NSCLC. In contrast, no association was identified between age, gender, smoking history, tumor differentiation, histology, invasion of the lung membrane, vascular invasion or chemotherapy (P>0.05).
Expression of miR-125a-3p was a prognostic marker for the survival of patients with NSCLC.
A univariate survival analysis was performed with a Kaplan-Meier test to investigate whether several clinical parameters influenced the prognosis of NSCLC. The clinical parameters in the univariate analysis stratification included: Age; gender; smoking history; lymph-node metastasis; tumor differentiation; histology; TNM stage; invasion of the lung membrane; vascular invasion; tumor diameter; and miR-125a-3p expression. The results indicated that tumor size, TNM stage, and lymph-node metastasis were correlated with OS and DFS rates in patients with NSCLC, as illustrated in Fig. 3A and D (P<0.05) . Similarly, miR-125a-3p downregulation was associated with significantly poorer OS rates (P=0.012, and DFS rates (P=0.015), as demonstrated in Fig. 3E and F, respectively. A Cox proportional hazards regression model of univariate analysis indicated that the prognosis of thepatients with NSCLC wassignificantly correlated with lymph node metastasis (P=0.031), TNM stage (P=0.035) and tumor diameter (P=0.005) as demonstrated in Table II . However, no correlation was identified between the prognosis and the age, gender, smoking history, tumor differentiation, histology, invasion of lung membrane or vascular invasion values of the patients. Accordingly, the results of the present study demonstrated that the expression levels of miR-125a-3p were associated with the prognosis of patients with NSCLC (P=0.012), as illustrated in Table II. To confirm whether the expression levels of miRNA-125a-3p was a prognostic marker in patients with NSCLC, a multivariate analysis with a Cox proportional hazards regression model was performed. Through a series of analyses, the ultimate model of significant predictors of OSrates were defined. Table II . These data identified that high expression levels of miR-125a-3p were a predictor of higher OS rates in patients with NSCLC. Table III vs. 22.04±2.86 (P<0.001), comparingpatients with NSCLC administered non-chemotherapy treatments and low expression levels of miR-125a-3p, as outlined in Table III .
Chemotherapy associated with high expression of miR-125a-3p improves OS and DFS of patients with NSCLC. As demonstrated in
miR-125a-3p multivariate analysis ----------------------------------------------------------------
To confirm the association between miR-125a-3p expression levels and chemotherapy with OS and DFS rates, univariate and multivariate survival analyses conducted with Kaplan-Meier estimates were carried out. The univariate analysis demonstrated that chemotherapy was associated with prognosis (P=0.029; HR=0.775 [0.428-1.122]), as illustrated in Table II , and the multivariate survival analysis indicated that a high expression level of miR-125a-3p with chemotherapy was associated with prognosis [P=0.004; HR=0.536 (0.359-0.721), also illustrated in Table II ]. In addition, the results showed that chemotherapy was positively correlated with OS (P=0.008), and DFS rates (P=0.035), as demonstrated in Fig. 4A and B, respectively. Furthermore, a high expression level of miR-125a-3p in patients with NSCLC who had undergone chemotherapy was also positively correlated with OS (P=0.001), and DFS rates (P<0.001), as illustrated in Fig. 4C and D, respectively, which revealed that patients with NSCLC with high expression levels of miR-125a-3p may be more likely to benefit from chemotherapy.
Discussion
The present study revealed that miR-125a-3p expression levels were lower in the lung cancer A549 cells compared with the other cancer cell lines, and it is also downregulated in NSCLC tissues when compared with normal lung tissues. The OS Figure 4 . Survival rate analysis of chemotherapy and miR-125a expression levels in Non-small cell lung cancer. OS (A) and DFS (B) rates in lung carcinoma determined by Kaplan-Meier plot estimates based on chemotherapy. (C) OS and (D) DFS rates in lung carcinoma as determined by Kaplan-Meier plots estimates based on chemotherapy and miR-125a-3p expression. OS, overall survival; DFS, disease-free survival; miR, microRNA. Table III . OS and DFS of patients with non-small cell lung cancer based on chemotherapy alone vs. chemotherapy and miR-125a-3p expression. and DFS rates of patients with low miR-125a-3p expression levels were higher compared with patients exhibiting high miR-125a-3p expression levels. The analysis of several clinical factors suggested that lymph node metastasis and tumor diameter were associated with poor prognoses in NSCLC. Notably, miR-125a-3p expression levels as an independent parameter also affected prognosis and survival. In addition, high expression levels of miR-125a-3p combined with chemotherapy resulted in high OS rates compared with the low expression levels of miR-125a-3p with no chemotherapy. Therefore, miR-125a-3p may act as a biomarker for chemotherapy in NSCLC. miR-125a is a type of miRNA that has been demonstrated to be associated with numerous types of cancer. According to the 5' and 3' ends of pre-miR-125a, the miR-125a family may be divided into different members, including miR-125a-5p and miR-125a-3p (17) . There are several reports suggesting that miR-125a-5p is specifically downregulated in breast and liver cancer, melanoma and bladder and colon cancer (18) (19) (20) (21) . In addition, previous studies have revealed the dysregulated expression of miR-125a-3p in several types of cancer, for example, miR-125a-3p was downregulated in malignant glioma (12) and prostate (22), gastric (13) and pancreatic (23) cancer. Inversely, miR-125a-3p was significantly upregulated in synovial (24) and rectal carcinoma (25) and multiple myeloma (26) . Furthermore, a previous study revealed that miR-125a-3p is over-expressed in retinoblastoma under hypoxic conditions (27) . miR-125a-3p has been demonstrated to exhibit a strong association with a regulatory pathway of lung cancer: Jiang et al (28) demonstrated that miR-125a-3p functioned as a lung carcinoma suppressor gene that inhibited A549 cell proliferation and apoptosis, and indicated that the p53 pathway is not the only pathway involved in inducing lung cancer cell apoptosis. Previous studies have also suggested miR-125a-3p participates in the development of lung cancer via the classical mitogen-activated protein kinase signaling pathway (29) and the Ras homolog gene family, member A-actomyosin pathway (30) . A previous study indicated that miR-125a-3p suppresses NSCLC cell proliferation, migration and invasion through the binding of miR-125a-3p to the 3'-UTR of metastasis-associated gene 1 (MTA1) (31) . Through the aforementioned analysis, the present study identified that miR-125a-3p suppresses proliferation, metastasis and apoptosis in lung cancer via numerous pathways, and participates in the regulation of carcinoma development. Therefore, the development of novel targets of the miR-125a-3p gene that improve the treatment of NSCLC requires attention. miR-125a-3p exhibits a strong association with NSCLC, and it serves an important role in the molecular therapy of NSCLC.
The present study revealed a series of molecules that are closely associated with carcinoma development. These characteristic molecules are involved in the treatment of cancer; as such, the role of biomarkers in the clinical diagnosis and prognosis of patients with cancer is critical. Previous reports have demonstrated that miRNAs are underlying diagnostic biomarkers and prognostic factors for lung carcinoma (32, 33) . Several miRNAs such as miR-25 (34), miR-9 (35), miR-498 (36) have been revealed to exhibit clinical value in the diagnosis of NSCLC. In addition, these novel biomarkers may possibly promote innovative therapeutic methods using novel drug compounds. miRNAs are useful prognostic predictors and therapeutic targets within clinical chemotherapy. The analysis of the signal pathways associated with cancer and the predication of prognosis subsequent to chemotherapy depends on the emergence of individual biomarkers in patients with NSCLC. Thus, the identification of unique molecular biomarkers is required to increase the level of early diagnosis and improve the prognosis of chemotherapy. At present, efforts are being made to determine biomarkers with diagnostic and prognostic significance for NSCLC.
In summary, the results of the present study revealed that patients who received chemotherapy exhibited higher OS and DFS rates, compared with untreated ones. additionally, patients with NSCLC with high expression levels of miR-125a-3p who were administered chemotherapy demonstrated longer OS and DFS rates, relative to the untreated patients with low expression levels of miR-125a-3p. Therefore, miR-125a-3p appears to be downregulated in NSCLC, which increased OS and DFS rates of patients receiving chemotherapy. The data of the present study indicates that miR-125a-3p serves as an independent prognostic biomarker for chemotherapy within clinical practice. However, additional studies are required in this field.
The results from the present study also indicated that the expression levels of miR-125a-3p in normal tissues were higher than in NSCLC tissues. In addition, analysis suggested that patients with NSCLC with high expression levels of miR-125a-3p have an improved prognosis, and may be more likely to respond well to chemotherapy. In conclusion, the present study demonstrated that miR-125a-3p is a significant prognostic biomarker for NSCLC, from which novel therapeutic strategies to combat NSCLC may be derived.
